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A STUDY OF tOMPUTERj SIMUUTIC»IS FOR • ' 
ENVIRQNMPNT^L SCIENCE EDUCATION 

Douglas, Dirks y Ted Singletaty and Bruce Hicks 



Preface 



1/ 



Teachers are finding that the jcomputer is a new educational resource but' 

■ /" ■ ' \- " -'li ■ ■ ■ ' ■ 

one, like other educational resources, th^t must be properly ui^der^tobd ^and 

^""^ • ■ * ■ \ ■ . ■ ^ ' , . \ 

managed. Unfortunately /'the cfooiputer is of ten an unl^amiliar .resource and o£ten 

■ \ ' ^ J ' ■ . ' ^ •' ~ ' ' ' , 

•under- or over-appreciated. 

The authors, in wrttiiig this-- pajxier sought to answer a rather specific 

■ * ■ \ • ' ' ' ' * M . ^ ' ■' 
question of teachers concerning^computers as an educatiohal resource* the 

question is *"What must be done W the'teicher or currtcA^up advisor in preparation 

for ef fi^ctive use l>f computer ^icmlations by science and social studies classes?" 

The discudVion in the paper applies directly to^cience education (and less ^ 

' ■. ■ . " ■ .-■ ■ ■ ■■ A • ^ ■ ' •■• ' •■ • .. ' ■ 

directly to sto.cial studies educatiqp) and treats trhat open-ended, responsive 
instructional appliqatiori of computers known |as 'simulation, ^e b^l4_evie that 
the question, and much of the discussion of it is relevant also to other ^ 
subjects and. other modes of instlructic^nal application ofc computers. ^ ' 

We are. indebted to the Institute 6f Envitonmental Studies at the University 
of. Illinois for their financial support! of our study of social and environmental 
science education and for technical advice by jthe staff of the Institute-, ^e 
also wish to thank Professor Roger Brown- for hjis advice and encouragement. 
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Suflmaty 



The. Hunting tdn siniulations are one o£ the valuable Ihstrpctional application 
-of computers.^ They\lnclud(5 both computer programs and associated off-line 
ma^terlals for the ' teacher and for the ^students. Xhese materials are therefore 
II good basis for a caVeiPul examlhajlfion of the uses \3f slmualtioris In 
environmental science classes. 

Our ,e5j:amlnatlon goes be?^nd the Huntington materials In several respects. 
We develop detailed guidelines for the curriculum pliinner and Cseparately) 
for the teacher for them to "use In choosing a simulation that Is suitable for 
given class iand for utilising t^e simulation effectively with the clas*. 
The, Huntington simulation POLU^ is \used ^s an example throughout , the 
dtsciLisslon. Many desirable mbdlf Icatltons of the POLUT program and its 
associated materials are described, and^ role-playing gao^ is outlined 
that will initiate consideration hy the stuii^nts of, the value orientations 
thdt affect decisions about water pollution or ^ther environmental issues! 



1/ The Development of Envirctninental Computer SlmulEttlons 



J •/ " For Classrobcai Use 

» v', * ■ • 

*" ' From the time of it's invent iron .men have tried to expanld the uses for 
the "Analytic Engine" or computer. In pa^rticular^ the computer's abilities to 
store and recall la^l amounts cxf information and to i^ke mStBiy complex computations 
in a short period of time suited it to tasks which -had foxmirly 6een done only 

' •./■ . ■ . ■ . ■ ■ ■■■ 

through the efforts pf larg|9 nujsbiers of persons. Many schools were rfeady to 

' . ' ' • • ■ ■'.*/. 

incorporate new techt^ological advances, arid being endpwed With both Mrge 
amounts of informatio"h an^short amounts of time, turned enthusiastically to 
the use of computers, ^ ( ' | 

Initially computers weibe used for the mundane, but important,, tasks like ^ 



/ 



payrolls, inventeiriefl^, s tudent records and class, scheduling. But soon the use 
of computers penetrateA'"'SHrra"l.nt'o^the classroom itself. At fixst al^o the . \ % 
instructional uses of computers were confined to the presentation, primar4.1y,^ 
of drill type work. Computers became the "ultima fe gimmick," to be used with 
students whose Interests could not be won by more conventional educational # 
methods. However, outside the mainstream of public education, two movements 
. involving computers were developing which were to be combihe<l into a new and • 
more powerful use of computer's for education. 

"\^The first of these movements was the use of computers to control sl^ouilators , 
originally for use in pilot flight training.; A complex range of possible 
situations could be programmed to give students a feel of actual flight 

' ^ : ■ . • ■ ■ / ■ ' ' ^ ■ 

conditions, bu4 without the expense /or, danger . The use of computer assisted 
simulators reached it "^s peak in the American space program, as described' by^ 
astronaut •Edward'* Cbl 11ns. He likens the |)rocess to that of preparing sotaeone 
who has never ridden In a car before and Will drive from Los Angeles to • 



* * . / . ■ ' ^ 

San Diego,, encountering various crises, such as h^^gh speed blowouts, along the ) 

' . • • •■ i 

way. The simulator j^6r 1^ Apollo crewd cost millicuis of dollars and was ^ \ 

maintained by hundreds of people working three shifts a day, ^even days c - ^ 

week.^* . ; ^ 

The- other movement was the development *of computer, models and simulations^ ^ N 

of other complex situations, A model Is an analog of an existing or conceivable 

system. A simulation is the use of one process to model a second process .* 

(A simulation is therefore a special type of ta(^del .) .In G9mputer simulations 

the first process is the pperatic>n^ of a suitable computer jprogram, together 

with the interactions of a few people (students, scientists, economists ,^ etc.) 

with the computer. The second process, the one that is modele>i, may come from 

such areas as economics, population dynamics or ecology, for example. The 

second process often involves the int^action of many com{)onents, feuch as * 

companies- or groups of people, and therefore involve many factors and relationships. 




Computers have allowed the developmenC^^o^^^models and simulations, represented 
by the corresponding complex mathematical relationships . describing such processes. 
ThesriB^models allow theories tp be tested or possible future outcomes to be ^ ' 
predicted. These models are, of course, not perfect,, fir the areas involve 

too many variables to be handled with certainty. - This point is made cle^ by 

^ « ' 

the<^ autl>ors of one of ,the larger model4, the World Simulation, used by the Club 

of Rome and discussed in the book. The Limits To G|owth .^* However, even though ' 

the simulations using these models are not perfect they can be used to give / 

14 ' • ■ ^ . ' 

glimpses of developing trends or movements. * ^ ' 

Computer simulations have been particularly useful in the burgeoning field 

of ecology or environmental science. /The multitude of factors present in any ' 

* Our definition^ of model and simulation ^re basTed upon the discussion by 
Schultz and Sullivan (Chapter 1 in Reference 7.)- 

. • ■ - 7, 



environment or ecosystem, precluded any thought of modelling before the development 
computers. Even now only a portion of the variables can be programmed 

Into a modiel, but many models have been develop^^<^d are b^lng used, as devices 

• / ' . . • ' 

for analysis and for prediction of possible ecological outcomes. The Metro 

i^pex program tleyel oped at the University of Mtchigan'and in use at the • 

University of Illinois simulates the problems of urban air solution. ^* Many.,^ 

programs have been devel^oped to study water quality or ch£lhges in aquatic systems 

' • . J? . . ^ . 

and one^ of thfc simple ones'i POLUT^^*, will be of special interest to us in 

• • ■ "' . ^ ' 

this; paper. ' ... 

Itedical schf>ols were among the first to make use of digital computer 

simulation's in education (See ileference 12« and several papers cited therje.) ^ 

The simulations give medical students practice in the development of< dia^postic 

technique. While the use of simulations should* not be considered a substitute ^ 

for direct, clinical experience by medical students,. simulations can b^ useful 

where students in medicine or other fieldjs .are prevented from getting such / 

» * 
experience by one circumstance or another. 

L. Braun lists a nuipber of^factors which m^e the use of simulations an ^ 

acceptable substitute for or even preferable to more direct studerft experience. * 

These include such things as the cost of 'the necessary equipment, danger to. .the' 

\^udent, th^ difficulty of the techniques necessary, difficulties in obtaining 

reliable samples, time scales that ar^e either too long or too short and the 

i^nability to experiment directly. Each of thes e c?ould be an adequate teas 

for the use of environmental (as well' as other) simulations for educational ^ 

purposes. . 

----'^^^ny environmental simulations for classroom use exist. Some of these are 

board games. EXTINCTION, THE POLLUTION GAME, THE PLANET ^NAGEMENT GAME 'and 

I 

ECO-ACRES are examples of these.^^ Other simulations )^ave been developed for 
— . , o ^- 



use on a specific, graphic display syste^j— SURVIVAL by Steven Petak of the 

Untveriity of Illinois is a good exataple of this type of simulation. 

. . ■ , " . ^ , * ■ - . " 

SURVIVAL is designed to make use of the exceptional 4ispttty;Jacilities of 

the TlAlO system.* Unfortunately this' system is not genially available to 

• * * ' \. , ■ ' # ■ ■ 

school systems at this time, - \. 

A third clasa of simulation program is a more generally usel^ul type. 

These simulations qre usually written for usi^ with a teletype (or siMlar) 

display system and in the BASIC language, both of which axe more generally 

often availallle in school^ than is PLATO, The computer programs for the \ 

simulations aye modest in size and can be run on any modern mini-computer or-^ 

time-sharirilg system that supports BASfc. The Huntington II project has developed 

se simulations of this type that ar^ environmentally oriented. These 

include, among others; USPOP, wliich deals with population dyn^unics and demography 

in the United States; BUFFALO, which covers animal ^rd management; and 

POLUT, which deals with wiatl^r pollution of lakes and riverjs. Each of these 

simulations conies as a package which includes, in addition to the program 

itself, a Resource Manual, a Teacher^s Guide ^and a Student Handbook. Yet, 

even'^though these simulations are ^well-^nre pared aj{^ documented, there are still 
f - 

problems ii| ulsing them in a classroom situation^ The nature of these^ problems 
and .of related questio]^ can best be shown by using an example. ^ 
^ The POLHT simulation was one of the first programs developed by th^ 



Huntington II project.** It Is being used in many schooirsy steins throughout 
the country. Basically the program allows the student to vary five parameters 



*. A large number of simulationrf have been developed on the current KIATO IV 
^^system and earlier PLATO sys,tem§ in the Computer-Based Education Research 
Laboratory at thfe University of Illinois (Urbana) . > 

** Our past studies of POLUT are desj^iribed in Appendix A. 



(4he type of body of water , -^e water teqqperature , t4ie type of waste, 
amoiint of waste and the typ'e of treatment) to produce a given) pollution situation, 
and the program determines how the waste level and dissolved oxygen levels . 
change over a period of days. This information can be displaced to the sti^ent 



in the form of a table or a graph or both. 

/The Resource Manual gives , very briefly and generally, an introductiotl 
to water quality and the effects of oach of the, parameters that can be changed. 
It also includes* examples of the envitonmental uses of sijiplatj/jns; a list of 
reflgirences ddalirig wixh water quality; some data from sample^ runs; a short 



discusaion of the simulation model and the assumptions upon which it is ♦ ^ 
based; and a listing of the program code^ ^ 

.The Teacher Guide for the POLUT? simulation includes a description of 

r • 

the POLUT program along wibjia acceptable ranges for Che parameters that qgn 

be input. It also includes a listing of the rationale and goals of the unit- 

some suggested activities to^prepare the 'Student to use the simulation 
( , .... \ ^ 

^effectively; sflme follow-up questions fo be used* for class discussion; and some 

suggestions for the actual use of the program in the class. 

The Student Workbook contains questions th^t are designed to be answered 

by the student using the POLUT simulation and can give a student an i^ea of the 

effects of varying the five parameti^rs. Also included are a f^w open-ended 

questions which require the student to make judgments concerning various 

.. ' ' . . . . . . .. 

alternatives. • cr * 

' ' ■ ' ' • ' ■ , /. ■ ' 

We see that there is quite a range ol materials, for the teacher to cover 

before POLiy is used in the clj^srooin. A teacher should plan regular use of 

such a ccrmputer simulation for a class^ only if such materials are already 

well -developed and available for use by himself and the class.*! 



* Exploratory and expertaental uses of simulations are, of ten .advantageous ; however 
H they ate undettaken with a few students while the off-lirig materials and . 
manuals are still being developed. / 

io ■ ■ ■ / , . . 
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I ■ ' ■• " 

Evfen thbugh'the materials for POLlIT, or other simulations' are 'Well -developed , 

. --/-■• ■ • ■ - •• • V.,. ^ • 

both the teacher: and the curricultun supervisor need plans ^to guide them ii^ the 



cteice and 



the effective utilization of computer simulationa by tbe student a. 



Sectidtis ] I knd III of this paper discuss a method of planning that trakes the 

/, ■■ ■ \ • - ' • ^ * 

' form. of oi e set of guidelines for the curriculum planner and a second set of ' 

v.. guldi^l^ntfs for 1;he.i4tfiacher.^. These guidelines make it. clear "that a group ' 

effort ya nece'dsary, often involving several/teachers and the curriculum 

planne/, together with a few advanced "^tudents^, if the choi^:e antfSutillzation 

of simulations- are toi be succi^ssfixl . ■ 

The POLUT materials, the of f -line- manuals and the program itself, coyld 

•* > ^ ' * ■ ■, . ^ , ■ 

be used as they are with some degree of effectiveness ^ < It is our f^eeling, 
however, that some modi^catlons of the materials aie necesc^ary to xnaximl2:G 



the effectiveness: oiE the POLUT unit^.^.Of Course, the f^nal decisions- concerniirg- 
modifications and moctes of use of ^this or Any other simulation should be left 
to the teacher and curriculum planner who take responsibilljfey Eor Specific 

classes'^ We hope that such depisions will> be aided by tlie Guidelines discussed 

* ■ ■ • . 

in Sections II and III. ' - ^ 

'One type of modification we suggest has to do with the tedrinical content 

of the simulation. We reviewed the POLUT materi^al with^the! help of experts 

in water .quality , computer-assisted instruQticn and |^assroom teaching, and 

compiled a list of modifications whiqh we th'£hk 'should be included by any 



users of the POLUT unit. A list of these modifications is glv^n in Appendix B,. 

A second ^ type ^of modification is Suggested by the relevance of both ^social, 
science and the environmental sciences to POLUT. The students* study of 



POLUT or, indeed, of miany other simula-tions , are^ incomplete unless the'students 
analyze social studies 'topics. (Who makes decisions? What values are thie basi^.. 




^o£ the decision^? etc,<i^ as veil as those specifically derived from science and 
engineering. We therefpre x}utU.ned a role-playing game (see Appendix C)^ 
that lnt^odu0tes one of th^ relevant social studies topics, th^at of vgalues 
orientation. 



il. GUideline^B for the Use^bt Oomputer -Slmulattons ^ / ^ 

•.Many icb'epudation feel that cod^utrer simulattohs repX«ffeVlt rtKe^jadLhgle , * 
most fjoccitlng Jlnstructibnal application* of computers'. Neatly- lOd ^ojoipu'ter ^ " • 
simulations arc^ aLx^ady avaj.lable oommercially^, and %coree(, of others are being . 
ih5^tt€Jn*fcr ^i^^v^ y^'&e^ As the number of clas-sirpom computer proliferates, 
and interest in simuli^tions is maintained, the nuiAer W^gairtnser simulatip 



will grow dramatically. With the dramatic increase in this medlUm comes the 
n^ad for a plan that will help the teacher to exploit the potential of thpse 

.A 

computer simulations that; in his judgment,* have instructional merit. 

The authors of this papei; propose that Just as effective simulation writing . 
involves a team effort, effective simulation use . also requires a group effort. 
Subject matter, specialist^, who can evaluate -the content validity of the 
simiilatlon, ^are vital. Currlcuium planners, who make ^curriculum itnd administrative 
decisions, arc significant contributors. Teachers, who make instru<(tlonal 
decisions, are important. Finally, students^, who make hundreds of learning decisions 
during their use of simulations, contribute valuable inpfiit.. The efforts of 
this team can help the teacher to realise the maximum educational benefit of 



^ / 



the computer siiaultftlon. « ' 

■■ ^^'^ ■ . ' . _ 

The teacher is the central figure, since he not only serves on thie team, ^ 

but also orchestrates clasefroom acytiyity. The authors affirm the autonomy of 

the ^teacher in his instructional decislcn-makljtijg role. We respect his^nright 

to select and sequence those media, materials 'and learning activities that t6 ^^'^ 

him seem most api^opriate for his students. We accept the fact. that the<teacher, 

for a variety of reasons , ma^^d^cide not to use f resource even though it 

may have b^n proven to^ be effective in classes other thati his om. ^e further 

accept the fact that a^ teacher, out of ignorance and lack of planning, may ' 



fatL t^exploit the Instructional potential of a resource that he does decide ' 

Jx>'uQe.. -1% -is Co this last problem, as it applies to compute^ simulations, 
• ■ •. , V. - • ■ ■ 
.that we dcjdt^ip. aur^el^i^as,. . 

•. A computer simulation *i 8 an instructional tool ."^^lii^ any tool, the more 

the user lavows about it, the better 1^ is able to use it; theyless he knows 

about its use, the less satisfactory hts results. We.cphtend that < the more' the 

teacheK^knows about the computer simulation--its design, recommended uses, 

\ • f ■ . ■ ' ■ ■ 

ilntfended c^utct^s, etc. --the better use he will make of it. 

The guidelines described . in Sections A and B are designed to help the team 
meoibers collect information about a specific computer simulation. Some of the 

\ ■ , ' ^ - ' • . ' • * 

data may be found In the of f-lin'e* materials. Other data must be provided by 
members of the team. In the authors' view, the guideline questions must necessar 
be asked and answered for each simulation considered for instructional use. 

I^everal systems are already in print which enable ^eacher^ and (>lanners 

* 6 13'^ 

to evaluate and compare textbooks and other instructional media. ' The 

guidelines may be considered as a similar tool, specifically intended for the 

evaluation and comparison of computer simulations for environmental education « 

Section A of the guide is to be used by the curriculi^m planner. The 

curriculum planner Is one or more steps removed from the classroom (e.g., he ^ 

is a department chairman, district coordinator or curriculum director) . He is 

in a position to make administrative decisions about the curriculum, and to 

provide support services to his staff. One of his responsibilities is to 

recommend certain computer s4jnulations to his staff. Another responsibility 

is to provide his staff with data about the computer simulation that they may 

,■* 

be 'too busy to provide for themselves. One method of tratismitting^ the 
information Is through Section A of the guide. 
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Before completing Section A, however^ the curriculum planner will want 
to be suri that his teachers actually intend to use the simulation. Otherwise 
his effort will be wasted. The curriculum planner can accomplish this by 
meeting with his' teachers and viewing with t'hem one or more computer* simulations 
before he employs the guide. He can then invest |iis time In only. those 
aimulatlons to which ^Is teachers commit themselves. 

Section B of thie guide is designed to be use,d by the teacher. The . 
questions require him to call^ to mind important ^elements in the classroom r 
setting. These data, together with the data prepared by the curriculum / 

planner, enable the teacher to make reasonable decisions about the btf%^Use 

•■ •■ 

of the computer simulations for his students. ^ 

•briefly, the^ steps for effective use of a computer simulation are: 

1. A team is formed of curriculum planners, subject matter specialists, 
teachers and students. v^' 

2. The team meets to view one or more computer simulations. Togetheor 

they decide whether any of tihe simulations has potential for instructiou. 
in the area for which the teaqhers are responsible. Those with 
apparent potential are turned over to the |Subject matter specialist. 

3. ' <?he subject matter specialists establish the content validity of 

the simulation, ♦ , . j 

4. The team decides how the computer simulation will fit into the ^ 
curriculum. 

5. The curriculum planner evaluates the computer simulation package, 
using Section A of the guide. The plan^ier provides data that is 
not presently in the simulation package.' Of course, the teacher 
may use Section A if h^ has tfie \ntcrest ands^time to do So, or if 
he has no team with which to work. 



0 
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6. The cuqrriculuitf planner pi^sses the data he has gathered to the teacher. 

». • « • * ' 

The teacher then completes Section B of the guide. f..'^'^ 

7. The teacher compares his response to Section B d^i:tb -i(he accompanying 

data from Section A. On the basis of tl^is 'i^iformation he decides 

'• . • ♦ 

_\ . . ^ . • ■ 

l^ow .to use on- and off-line materials that cpmprise the computer / 
8lmula^i,on package. • * ; * / L 

8. -At, the conclusion of Instruction, students provide fe^Sback for the 

teacher who will modify his instructional strategy the next^ time 

he uses the computer simulation. ' • 

" 9. The teaoher in turn ptovldes feedback to the curriculum planner 

who may alter his response to the guide ,^ or change t|ie on« or 

off-line materials. . 
ThA^ guidelines, including Sections^A an^ B , have been generalized from 
theVuthors* liMt^ experience with a sinj^le com{)uter slmulation--POHJT. In 
a<fdition, they have been genevalized from the context of environmental scietice 
eduction. Some users of the guidelines may find the questions are specific 
only to POLUl!; or to environmental science Other users may sense that the 
guidelines are suited to a particular level of inatruction, for we had high 
school teachers in mind when we wrote it. - Still others may feel that vital 
questions are mlalBlng from our list. ^ ^ 

At present the guidelines are intended to help educators maximize the 
effectiveness of a specific computer simwaltion. The writers envision a time, 
however, when a particular set of^the teacher's tlassroom objectives might'be 

attained with/two or more highly polished computer simulations. The guidelines 

■V' . . . ' , ■ ''^'^ 

could then be used to make a tromparative Judgment about the relative qi}alit:y 

. . ■• ■ 

of the simulations, , ^ 



For theae reasons t/his document " shotild be considered to be a working 
.paper.' risers should fetel free to ddapt the guidelines to thetr own needs. 
The- authors invite criticism of this Work, and will be grateful for all . 
suggestions. /♦ " , . - • • 
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Section A: Fo r th e Curriculum- Planner 

Section A is designed to be used by the curriculum planner to evaluate 

■ ' • ^ ■ ^' ■ . ■ . • . 

computer simulations that he and his teachers have agreed to use in an 

. ,. •■•> ■ , ^ • 

educatiqnal settings. Wh^n the teacher has the interest and time he may - 
complete Section A himself. 'If the answers to the qu6stl^s in Section A 
cannot be found in the materials accompanying th^ computer j simulation, the 
curriculum planner or- teacher must provitle them. t . 

Tl>e objective is to ^Bovide, t|^ teachets who lise the domputer simulation 
\^ith pfi^s^part of the information they' need to maximize the effectiveness of ^ 
t^s use. In every caeye the questions should be/considexTed Vy one who has^n 
mind a specific teacher iny a specific course wheels working with a specific 
group of learners. ^ ^ v' ° • V . . _ - 

I. How does the compxitter simulation f^.t into\the instructiol^l letting? 

l.l In what class, or "Setting will the computer simulation be used?^ 
. • 1.2 How will the computer simulation ber ilsed in ihis setfting? 

1.2.1 As a learning .activity In a pre-existing unit? 

1.2.2 As a siipplementary or enrichment activity? 
1,.2.3 As a unLt complete in itself? 

1.2.4 As one of a series of learning activities included in 
• its own special unit? 

.1.3 Does the intended use of the coi6puter simulation indicate user 

decisions bSsed on i^' single, set bf results, or does ^t necessitate 
- comparison of two or more sets of results? j 

'^»2. Is the simulation itself adequate iaind appropriate? 

2.1 lis there a reasonable agreenientXbetween the Simula tiotv and 
' reality? (How ha's this judgment \been made— ^and by/ whom?) 

Will the simulation then allow you^ to carry out tl^e intentions ^ 
. ' stated in 1,3? 

2.2 Is the lojgic and 'conceptual complexity of the siflkulation 
appropriately matched to the users? 

.18 . • 




2.3 I^the^ reading style and i^eadlng level |aa{^rQpi*late f of the users? 

2.4 DoesX the' simulation creat^ at context fttr the discussion of values 
and decision maklngf ! / ' 



Do^s the con^uter^slmulatlon package contain off -line iaaterlals 
adflressed prlOfrlly to the tea|her? 

so, the i^thors: * ^ 

3^1 Cart^ully state the lntei/i\3ed outcomes of the computer simulation 
used a^ a learning actl\|!ity? ' . 

3.2 Clearly \tate the basic /background skills anct, knowledge 
required each studen^ who will use fhe computer simulation? 

3.3 Clearly explain the model^ uport which "the cpmpvi.ter 'simulation 
*l8 bas^d and tnro.vlde evidence* that .'the factual materials 

addressed to the teacher are true and' complete? 

3.4 Stat;je the amount of student time heeded tdVoniplete a -typical ' 
run, .or series of runs? ^ , \ , 

* * * 

3.5' Suggest the optimum student use of the program? Should tb^V 
student have free access to the terminal? 

3.6 Describe the amount qE computer time required on a typical 



system to make a run, 
dollar cost? 



or series of runs, and estimate wits 



3.7 Provide an annotated bi^ipgraphy arranged toptcall-y? 

3.8 (When appropriate.): Suggest where to find data to rtfi|cfe tshe 
i^omputer simulation locally relevant? / 

3.9 Frov|:t3e performance data on'previous use o£ the slmulc^tion? - 

3J.0 (When Jhe computer simulation is to be used as part of a 
special unit): Offer a suggested unit plan? / 

3.10.1 Statte the objectives of the unit? 

f 

3.10.2^ Describe what the teacher should know before teaching 
tlie unit? \ 



3.10.3 Suggest a lesson plan for the unit, including an 

extensive list of possible films, speakers, field trip 
sites and other '^resources? 

Ddes the computer simulation package contain off-line batetiala 
addressed primarily to the student? 
If so, do the authors: 

4.1 Provide the student with the necessary background knowledge and 
skills hQ needs to fiilly understand the computer simulation? 



early explain the assumptions upon which the model 
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4.2' ^ate'and c; 
is built? I 

, .. ^■ ■■ : ■ i \ ■ ■■■ 

4.3 Explain the slmulatiol^parameterSy ^nd discuss the constralntis 
OA input? * I \ ' ; 

4.4 Show a step^by-^step' sistmple compute^: r:uii, and include an 
interpretation of results? ' * , 

4.5 Suggest appropriate problems' Co solve and questions to', answer? 
Are these provided in satisfactory quantity? Are there some 
pro|)lem8 bvery student should' solve? Are the problems 
appropriately open*ended? Do these problems sometimea cause 
students to .make value judgments?^ , - 

4.6 Suggests ad^iticM;ial resources (grouped topically) a student caa 
obtain for; fur^r study? 

4.7 (In an appendix): Discuss the limitations of simulations in 
general, and. this one in particular? 

4.8 Finally, is the reading level of these materials a{{prbpriate 
for those who will use them? - ' 

■■ ■ • . * V . ' ■ ^ 
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Section B t' For the Classroom Teacher ^ • 

— — ' 

* 

This section Is to be^ completed by the teacher who will use the . 
comj^uter simulation with /students . The ^quest'lon^.he answers *may serve only 
to formalize what h^*already Intuitively ktlows about his students, school ^and 
community. But .this data , together with the Information provldfii^by t^je 

' 

curriculum pldnner, will help .the Veather decide how tq 'inajjlml^ the leatjnltig 
he seeks to aoW^ve with the help of the compv^er sitoulatloa. 

' ' \ ''^ . ' ' ■ • ^\ * ' 

1/ 'What Is the' class setting In which the computer simulation will be 
used? . * 

. ' 1.1 . How many students are In the class?' 

1.2 What Is the length 'of the Instructional period? 

. ^ 1.3 How mucjh time Has been allocated fo^* Instruction? 

1.4 How many terminals are, available^ ' ^ C 
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\ 1.5 How much computer time .Is available?' ' 

1.6 there schoolwlde constraints that limit the range of 

possible student activities? ♦ 

^1.7 Toes each student have access to offc-llne materials? 

2. What are the group characteristics of the learners? 

2.1 What Is their reading level? ' 

s . ■ 

2.2 What is their background in science? In social studies? 



2.3 Do they have experience, on the computer system? 

2.4 Are they already thoroughly familiar with the content of 
the computer simulation? 

2.5 What is the level of the group's maturity and social attitudelf^ 

2*6 Do the learners have the ability to interpret data? 

2.7 Do the learners have a fundamental comprehension of the 

experimental method? ' ' 

.2.8 Do the learners have the ability to synthesize.? 



How much time will t\e reserved for values education related to the 
simulation? Vhat kinds of issues will be raised? 

How will the students' perf ora^nce be evaluated?^ 

>^ ' -Hf • ■ ' 

How will the students provide feedback about their experience with 
*the simulation? • ^ * ' • 

(When the computer simulation is to be .used as part of a* special • 
unit); Whac- kinds of comtnunlty resources and materials ^re available? 



6^1 Field* tfip Bi^eBt " , ■ ' * 

6i2 Audio-visual materials? 

6.3 Materials and speakers from Ipcal groups? 

6.4 Library resouri^es? 

r 



(,• ■ 
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\ ' . f ■ • 

Examples of the Use of the Guidelines 

The following page;a give examples of the use of section A of the' ^ 
Guidelines. Specific responses ar^ given to specific que^.t|pns, and\ concern 
thel proposed "Use of the computer simulation PCOtiUT. The examples are indued 
because they show how the Gulderine question^ c^n serve to generate data'tbat^ 
may be helpful to the curriculum planner and the teacher. We havp confined 
our examples solely to Section^ A because the responses^ to Section B would b&. 
of a narrower scope suited to a particular teacher In a particular classroom 
setting. ' • , * ^ • 

All of the examples given are responses to SECTION A, Question 3 ("Does 
the computer simulation package contain off-line materials addressed primarily 

to the teacher?"). That question, -and" poestlon 4',("Does the computer simulation 
' - ' ' ■ ■ 'x. - . • ■ ■ ■ 

package,^ con tain off-line materials addressed, primarily to the student?") are 

prescriptive, they reflect the authors' concept of adequate off-line materials.^ 
^ When the off-line materials are inadequate, considerable time will be 
■ requlrera-to upgrade them. In fact, if no off-line materials accompany the 

simulation, the majority of the planning team's time will probably be spent 

wr^.t;;ing them,;. ; 

A tea^may be satisfied with an incomplete analysis of a. computer % 

simulation prior to its first use in the classroom. * The ideal method would 

be to complete a thorough analysis of the simulation before its initial use. 

But time constraints could ^force the team to complete the guideiine^ in stages, 

over a period of two or three uses. 

The use of the guidelines requires a team effort. , The team is comprised * 

of curriculum planners, subject specialists, teachers an^ studSnts, and each 

may be expected to shoulder some responsibility. Shared responsibilities reduce 

the effort demanded of any one individual. 
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The examples included required 'about two to three hours to complete. While / 
the tloe Investment is adoittedly latge, potential users shourd find that the^ 
use of the guidelines need npt require* an inordinate time commitment' of an^ ^ 
^n# indlvfdual. , , ^ . / , . - ^^ 

Jhe following is ^one curriculum plariner^s Iregporise to SECTION A, question 3,2, ^ 



\ ■ 



^ The question asks: 'Tk) theraut^tfrs clearly state the basic- backgrouod sjcillsnand 
kb^wledge required of each student who will use the computer simulation?'* 
The plAmier is helping a teacher who intends to use the HDNTINGTON II 



simulatiotx PqLuT as part of a comprehensive unit on water pollution. The unit 
will be taught to a senior high school biology class. Since the planner could 
not find applicable data iii the off-line materials, his answer to the question 
was "no^'y atid he formulated the following statement of prerequisite skilld 
and knowledge of the student, ^ ' ^'^1^' 

1.. The student understands all of )the terms and units used in the 
^simulation (and knows local esjamples of waterways, .temperatures, 
etc.). 

2. The student knows examples of wastes discharge4 by various 
industry groupiS^nd treatment plants, 

3. The s^lident understands the processes of waste treatment, 

4. The student understands the effectiveness of primary and 
secondary waste treatment In terms of reduction of BOD«* 

5/ The ^tudent understands the waste' .decomposition process. 
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* fiOD " biochemical Oxygen Demand. "A measure of organic waste load... which 
Indicates the amount of oxygen drawn upon in the process of decoiftposition 
of waste." The amount of oxygen demanded is partly dependent on the type 
and quantity of the waste.' The characteristic BOD value of a degradable waste 
is established by careful experimentation under controlled laboratory 
conditions .8* V . 



" 6. The .'Student uhdersW ds the role of dissolv&d crxygen in wajste 

' ' ■ . .■ • , ' ' * . 

' ; " . " ; ' ' * ' . . • » • " • 

decdmposittmi. ^ . - ^ * ' 

V ■ .-V ^ ^ ^ ■ ; • ^ '\ 

> ■''>•" i * " ^* ■ ■ 

^-7^ ^sfu^ent unde^rstands^tKe BOpVteygea-^^ag^^model^^^ ^ ; . :V' ^ ^ 

' 8/ the s6u^^^ thd relati^onship between' oxyge> cpnc<Sntrtftlon 

^; ^- ^ - ^ ' - ■ • ' - . . : - 

: • iind the activity of ftbh. . ' : 

9l The student understaiads wat^T^ chemistry. - ' . 

- . « ' ■• . " • . -J 

• ' -^^^ % ■ V 

10. The student knows the efJEects of w^ter on various pollutants.- ✓ 

' . . ■ • " ■ • ' ■ ^ ' ' 

11. ' The student knowls the effect of water temperature on the amount 

dissolved oxygen, and the rate of waste <le compos it ion. 

12. The student can cons,truct ^graphs _froin tabular data, and can read 

understand simple l,ine graphs. \. ^ - 

13. \ The student understands expetimental .method and the advantage^ of 

controlling variables, ^ 

14. fhe s^tiident's required level of understanding must in ^ach instance 
be set either intuitively or more formally by the teacher. 

The same curriculum planner responded to SECTION A, question 3.,11.1 . The 
question ask^: /•Do^the autho« state the objectives of the unit?" ^ 

The planner found several objectives, which he felt were welL stated, 
the off-line oiaterials accompanying the computer simulcttion. These objectives 
are listed below as citations from the Teacher *s Guide , Howeyer, he felt that 
the given list of objectives should be supplemented. .The supplementary 
objectives are fully written out below as items. 2.1, 2,2. •. 5.1 ,5.2. . .etc. . 
1. (Teacher's Guide; page 3; Objective #1)^V 



ifr; BOD/Oxygen Sag Model . A model of the dynamic relc^tionship between BOD 

and Dissolved Oxygen (DO) in a stream, first proposed by Streeter and^helps 
in. 1925. After a degradable wast&HkS discharged at a splgcific location in 

i. flowing water, decomposition an^ rea'eration product first a de<;rea8e and 
then an increase in DO (over time)' as the waste j.s. carried downstream. ^The 
model prescribes a quantitative relationship between BOD and DO.^* 



/escribe the effects o£ each, o£ the followlUiflr vat tables on the ^ 
wat^r's^aWAlty to. handle wastes": 7 , ' 

2.2 the water temperature; ^ ' ^ , * 

2.3 the type of waste released into the water; 

2.4 V the rate 'of dumpihg of waste ; 



2/5 the type of waft te treatment. 

(Teacher's Guide; page 3; Objective #3)^?* , 

(Teacher/s G^tde; page 3; Objective #4) : *• 

Given an Instance of water pollution^ the student can-:do j^he 
following: r - 

5.1 provide a crisp "statement of the probleog^; . ' 

5.2 Ip^^ some areas where mpre data is needed; 

5.3 describe ^spme alternative courses of* action; , 

5.4 -describe impediments to tHk in^lementation of the solutions ;- 

5.5 select "a single alternative, then: 7 



5.5.1 provide a justification pf its selection (perhaps using 
^4ata genetated by POLUT) ; . . 

5. 5. '2 identify several interested parties and describe their 
feelings and attitudes toward the pi^blem and proposed 
solution. ' ' 



The same curriculum planner responded to SECTIOM. A, question 3.11.2 , 
The queBtion asks; '1)0 the authors describe what the teacher shbuld know 
before teaching the^ unit?". Since the planner could not f ind^ applicable data 
In the off-line materials, he wifote the response included below. 

1. The teacher should have a complete understanding of the things the 
student is expected to- learn. ' The teacher should be especially 
knowledgeable about the following topics: 

. \ 1.1 the effects of dissolved oxygen on fish activity; 

1.2 the BOD/Oxygen sag model;* 

1.3 the processes of waste treatment; 

1^.4 the' characteristics of various types of waterways; / 

1.5 • €he effects of water oh w^tes; 

1.6 the properties of^ater. . \ 

2. The teacher should be familiar with the POLUT simulation and wtth the 
use of the computer terminals. He should be able to anticipate and 
solve minor problems in using the terminals and the computer-baled 
simulation. ' 

3. The teacher should have a knowledge of 'local waate^reatment and*water 
pollution problems and situations to use as examples during instruction. 

4. ^ The teacher should understand the limitations oX both the simulation 

and his students. 

5. The teacher should have a clear idea of the desired outcomes of 
instruction. 



* See footnote on page 22, 
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T:he same curriculum pla nner responded to SECTION A, question 3,11,3 > The 
question asks: "Do the authors suggest a lesson plan for the un^t, Including 
an extet^sive^irst of Possible films, speakers^' fi^ld trip sites and other 
riftsources?'[ Since t|ie planner could riot find applicable, data in the off-line 
materials, he has written the ^ple lesson-plan included below. The individual 
teacher may reject the plan in its entirety, or may select those parts of it 
that he chooses. 
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CAY- ONE: 
DAY TWO: 



DAY THREE: 
DAY FOUR: 



DAY FIVE: 
DAY SIX: 



DAY SEVEN: 
DAY EIGHT: 

DAY NINE: 
DAY TEN: 

DAY ELEVEN: 
EAY TWELVE: 
DAY THIRTEEN: 



\ ^ 



Trip to sewage treatment plant. 

Class discussion: (1) processes of waste treatment; (2) role 
of oxygen; (3) BOD and BOD/O^qrgen sag model;* (4) types of 
waste; <5) types pf water bodies; (6) water temperature vs, 
oxygen concentration; (7) oxygen concentration vs, fish 
activity. 

Trip to water treatment plant. 

Class discussion: (1) finish topics not cpver€?a^ on Day Two; 
(2) introduce students £o computer system; (3)» introduce 
POTiUT to students. Hand out specific problemflT ,td'be solVed 
with POLUT,. 

Students work with POLU^. 

Class discussion: (1) help students graph data; (2) 'help 
students interpret individual graphs; (3) students share data-- 
teacher helps students synthesize results. Hand out open-ended 
problems to be solved with POLUT. 

Students work with POLU^. * ^ 

Class discussion: (1) results 'of yesterday's work; (1)^ experimental^ 
methodology; (3) assumptions of the ^simulatiori. 

Trip to local polluting industry. 

Class discussion: (1) impressions from yesterday's trip; 
(2) prepare for, role playing game*,** 

Role Inlaying game.** 

Role playing game.** 

Evaluation, 



* See footnote. on page 21, 
** Given in Appendix C. 
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The following is another curriculum planner *s response to SECTION A, 
questlon/3,11,3 . The question asks: ^^o the authors suggest a lesson plan 
for the unit. Including an extensive list of possible films, speakers, field 
trip sites and other resources?" 

The planner Is helping a teacher who Intends to use the HDNTINGTON II 
simulation POLUT as part of a comprehensive unit on water quality. The. unit 
will he taught to a senior high school environmental science class. Since the 
planner could not find applicable data in the off-line materials, he has 
written the sample lesson plan included below. The plan is merely a topical 
outline, and does not include' actual teaching methods and materials,^ 

FIRST WEEK ; - 

Water lab: An investigation of samples of local waters. The samples are 

tested for turbidity, pH, dissolved solids and microscopic: life. 

Discussion o.f the chemistry of water. This would include the chemical 
formula of water, ite specific heat, the process ^ar)d^ role of 
dissolved oxygen, typical aquatic organisms and a food web and 
man's uses and proposed needs for water in ^the future. Appropriate 
aud^-visual material should be used. 

Field trip to a water treatment plant or a model of a plant in class^|^^^^^ 

SECOND WEEK ; ' . . 

Discussion of waste degradation in water; BOD,;* types of" waste and their 

effects on natural systems. 
Discuss sewage treatment. 
' Field trip to local sewage treatment plant and /or major water using industry. 
Introduction to and discussix)n of POLUT simulation. 

THIRD WEEK ; 

Work with POLUT simulation: Students will be given specific tasks (individually 
^ or in groups) to determine the effects of the parameters available 
y for change. ^ 

Discussion and comparison of Results of changing variables in POLUT. 
Work with POLUT simulation; Students will be given (individually or in 
small groups) open-er^ed projects dealing with water quality 
and report to the class as to their solution for a particular- 
problem including their reasons for the choice. 



* See footnote ^yn page 21. 
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FOURTH WEEK : ' 

Discussion or outsid*^? speaker on water quality laws and /or iQg;^ pollution 

problems and possible solutions, 
Roie playing* and/or .designing ad campaigns against water pollution. 




* Given in Appendix C, 
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Appendix A; A Review of Past: Work on PQLUT 

,• ' . V •. ^ ■ 

The work of the authors on POLVI extends the efforts o£ others that 
began In 1972 at the Univer^i.t^^ biE Illinois. At that time the original 
progratmnlng and writing" of POLUT had just been completed by Ludwlg Braan and 
others' at the Polytechnic Institute of Brooklyn, 

The original version of POLUT was progranined in BASIC, but in 1972 
BASIC was not. available on an interactive system at the University; However, 
PLATO was available^ Consequently, a team of students, working under the 
supervision of one of the authors, adapted the BASIC version of POLUT for 
PLATO III.^* ' - i 

' By the fatlr^pf 1973, PLATO III h44 been >discarded in favor of the more 
powerful^^psAT^IfV 8^ At that time a^second team of students, George 

Carter and Kathy Rjubsam^ worked with one of the authors to reprogram I^OLUT for 
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•PLATO IV,^^* Their, goal was to combine the BASIC POLUT logic with many of tfce 

off-line materials in order to produce a PLATO lesson. Kent Richardson later 

■ ■■ • ■ * ■ • 

evaluated the PLATO POLUT with r.espect to the l^earning objectives printed in 

the BASIC Teacher *s Guide / He 'Subsequently suggested changes to-be made in 

the PLATO POLUT to upgrade its eliectiveness, 

Carter and Rubsam were the first to compare the PLATO POLUT with the, 
original BASIC POLUT. Their report favoretd PLATO because of its dialogue 
capabilities; its fast output capability which allowed textual material to 
Xyc included' with the simulation; its graphical display capabiljftias; and its 
capability of collecting student performance data, v 

During the fall of 1973 BASIC Was added to an interactive system (PLOllTS) 
at the University of. IHinois. Tfcg^s development a^|1^wed a workinj^Cersion of 
.the^SIC POLUT to be compared wi'tly.the PLATO verpion. 
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Angela Buske and Greg Lyx)ns, a third team forking with ohfe of the authors 
compared an improved version of the PLATO POLUT with the BAsic version. Their 

u ■ ■ . ■ . ^ ■ ' i ■ . 

report again favored PLA TO over the interactive bASIC systc^in (FLORTS) . 

Briefly, their reasons were that PLATO was faster, more flexil?le and had 

' . ^ /a 

better and more attractive display capabilities. The hard copy outpbt 

...'^ 

'<■ •.• . ..■ ■ ' 

feature was cited as an advantage for PLORTS, t' 

Buske and Lyons also proposed numerous changes for both- the BASIC 
and PtATO versions of POLUT., Some of their suggestions might be loosely 
termed ''•lesson design" changas. These in'ifrluded, for example, a proposal to 
extend the time scale of the graph of results. The remaining suggestions 
might be classified as "pedagogical" changes. Briefly , these included; 
(1) expanded lesson guidance for students; (2) more clearly state^ objectives; 
(3)- explanation of assumption? and model during instruction; (4) extension of 
the simulation into the^political and economic arenas; (5) better explanation 
of the parameters; and (6) tying the parameters to local conditions. Each 
of these pedagogical changes has influenced the changes the alithors advocate 
elsewhere ,in this^paper, * 

Jhe authors of "^the present paper favor the PLORtS version of POLUT for, 

h£gh school students. First, and most iiqportantly , we ^eel that a permanent 

♦ ,' " , 

record of the parameter choices and results, available from the PLORTS 

hard copy output, is a necessary and convenient reference for high school 

students.* Secondly, we favor the adaptability of the PLORTS system./ A 

portable teletype, taken, into the public school, can be coupled to the 

computer via the telephone. Students can enjoy the simulation in th^ir own^ 

classroom. The nature o£ the FLA.TO system requires high. school students at 

present to travel to the University campus to use one o£ the PLATO labs. 
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* Hard copy Ai^vailable from a f^^w PLATO terminals. 

32 



Thirdly, POLUt does not require any of the high-speed number crunching and 
versatile gifaphic displays that PLATO offers. We are suggesting elsewhere that 
POLUT' s graphical display of results is andbiguous and unnecessary, 

; Our conclusion^ should be tempered, however, by the observation that \ 
different users have different nee<As. Probably no absolute decision as to 
the desirability of a single system can be made, A>Jfecision must be reached 
on the basis of intended use,^iiser characteristics, cost, etc., and will vary 
f r,om dne school situation to another, 

• ■ : - ' 



Appendix B: Proppsed Mpdif ications of the POLUT Slmuliatlon Materials 

The changes we shall suggest here are numerous and also Varied in character 
coming as they do £rom a review both of the technical content and the computer- 
assisted pedagogy of th^ simulation. This number and variety of worthwHllfe 
modifications of an already well -developed simulation should remind us of • 
sevtral facts about computer simulations; first^ experts in, the relevant 
science or branch of engineering or other specialty must work with teachers 
and simulation designers in continuing efforts to perfect a simulation; 
second, the criticisms and successy^e improvemeij^s developed for one simulation 
may often suggest criticisms and subsequent iop^rovements for other simulations; 
and third, as mentioned earlier, the decisfon as to the final form of a 
simulation and its off-line materials that is most suitable for a given class 
should ideally be made by the teachers or me curriculum supervisor responsible 
for t^at class. (We say '^ideally" because limitations of time, energy and 
expertise may prevent the staff of a school; from 'molding a simulation to its 
best fit to a given class.) 

proposed Modifications '"of the POLUT Simulation Program 

1. Include an option which would allow the user to request that only 
the data for^a steady state simulate^ situation conditions be 

r printed out.^ display of time-dependence Is Interesting and ipay 

y haw subsidiary value as a method of teaching graph analysis, but 

} t ' 

water quality experts are interested {frimarily in what the final, 

steady-state conditions will be. * 

2. Include / test for steady-state conditions In the table print out 
similar to the test in use at present in the graphing routine ^ which 
stops printing when constant levels have been reached. « 
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^ 3. Clarify change the unit for the waste concentration parameter 

The unit "pax t8 per million per day^' is ambiguous, confusing and ca 

be easily compared with data from other sources. Changing the unit to 

/"milligrams/liter", a standard measurement of waste con<;^tration would 

alleviate this. ' 

. 4« All^ow a ereater range of input parameters, which would make the program 

' more flexible. For example, flow rates (in cubic feet per second) or 

* amounts^of wathv (the area of a lake) could be used to define bodies 

of water instead of the rather vaguei terms used now (large, small, ^ 

^ fast €i.owing,. . .) . 

5. *There also seems to be a need to check the model itself for errors . 

or inconsistencies. Several of the wa&er quality experts who reviewed 

tthe program had serious qXiestion^/concerning the assumptions and 

equations involved in the model. For example, the mathematical model 

, i^ POLUT does not represent transient conditions adequately. 

Proposed Modifications of the POLUT Simulation Off-Llne Materials 
. t 1 • • 

These modifications are made with the existing progrd'm^in mind. Any 
program modifications may requite further changes in the off-line materials. . 

I. Modifications of/ the Resource Manual: 

' . J" • ■ • ' 

1. Generally imptove the readability pf the text. The unit is designed 

for use a^t the Secondary level Vbut«-many of the informative passages 

••, . • <i , ' •■..** 

, . are taken almost verbatim from the original sources and are exceedingly 

* ; • 

dry. A greater use of examples and anecdoE^s would help to alleviate 
^ this, problem. 

2. ^Include some discussion of the values inv<^lved in water quality decisions 
and the types of trade-offs typically made in real world situationi^. 



3; Define and explain the input parameter a mote clearly. This would 

include giving acceptable rangea for their valuea a'nd relating theae 
values to Ipcal water bodies, effluent discharges, etc.^ aa examp^s 

4. Incly^e a range of approximate coats and effectiveness of the 
various waste treatments. 

5/'' Provide information as to where and how fj^asurementa, of waate^ 

concentration and dissolved oxygen levels would be taken in a real, 
analogous, situation. ^ . 

6/ Discuas the genera^ hature of si^lations, stressing that they aj 
Jiiat^hat, Simulations, and not exact models. 

7. Bxpla.in the assumptions In the simufation add what factors havejiot 
been taken into account that do affect wi^er quality. 

8. Glve'better explanations of the computer output with special ^emphasi 
on the analysis of the graph* and relating/ the read«-out data to lo^ 

' water bodies. ^ - • 

9. Provide a topically arranged or annotated listing of references so 
*^that help on specific topics can be more easily found. 

A possible revision of pages 2 - 3 of the PQLUT Resource Jlanual , which 



includes some of the above modifications is Included here 

■ 4. ' . 
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Bodies of Water 



Fresh water occurs in many forma. Some of these ai^e: ' - ^ ^ 

1. A lake ia an inland body of wa4;ar.^ A large l|ike ia one with a 
aurface area of more than 25 acrea. Lake- Shelbyvtlle would be 
classified as a large lake. 

2. A pond is an inland body of water Jthat is smellier than a l^e. 
A large pond has a aurface area of between 5 ^od 10 acres. 
Kauffmann*s Clear Lake, west of town, is an example of a' large 
pond. 36 



3. A river i8 a moving^body of «ater which empties Into a lake, . ■ 
adother river or an ocean. Most rivers in Illinois, because of 

the level terrain, are considered slow moving rivers. 

• . -I • • • ■ . 

4. A stream Is a small river. ' ^ 

5. An estuary Is an Inlet or arm of the- sea., especially the wld,e 
mouth of a river, where the tide meets the, river current. 

The type of body of water Is yiery Important when considering 
the duipplng of wastes. The larger the bod^ of water the more water there 
Is to dilute the waste and minimize any bad effects. Small bodies of 
water will become polluted more quickly because they contain less water 
and also change temperature more easily (since there £s less water to 
heat or cool)_an d theref ore have greater seasonal variations of tempera*^ture 
than do larger. or deeper bodies of waterr^ * - 

One of the most Important differences among various' bodies of water 
Is the speed with which they absorb oxygen from the air and the amoun^ts 
of. dissolved oxygen available for fish or ot}h5^ organisms . Generally, 
the larger the body of water, that Is the greater the surface area of 
the^^ody, the higher It's oxygen content. Thus, If all other factors 
(temperature, waste level, etc.) are the same, a large lake will have about 
2-1/2 times as much dissolved oxygen as a large«pond. Moving bodies 
generally have higher dissolved oxygen levels than still bodies of waiter. 
This is because the surface Is more turbulent or rough and more water can 
come into contact with the air. The^^ rotigher the surface of the water the 
more easily it will' "aerate" or take in oxygen. .Thus, if all other factors 
'are equiil,. a slow nbvlng river will have 50 percent more dissolved oxygen 
than a large lake, and a fast moving river will have t^ce as much ^ 
)llssolved oxygen as a slow moving river. 



Modifications of the Teacher's Guide ; 

1, Provide greater detail and llstlng*of supplementary activities 

■• • 

to the POLUT simulation with particular emphasis on laboratory 
experiences and values education. ^ 

Note: Outlines of possible lesson plans for .units Involving the PQLUy 

•4 

simulation are Included on pages 25 and 26 of this paper. 
Modifications of the Student World)Ook: " 



1. Provide a wider range of openr-ended, value orientation type questions « 
Note: The preceding proposed modifications are iatended to be general. 

Any individual teacher using the methodology provided in this' paper 
may develop other modific«^onSy*. deletions or additions to the 
existing material. The most Important consideration is that the 
materials finally developed are well suited for the particular 
classroom sittiation in which they are to be ,used, ^ , 



. ' Appendix C: Outline of Role Playing Game on Val ues Orientation 

^ The following Is an outline for a role-playing game originally Intended 

' for use m a ^it Involving the SUKinfllTOK II POLUT simulation, ^ut It may 
be applied In any envlrcfnmental dftclslpn-maklng situations. 

^ The objective of the game Is to allow students to clarify the. values 
Involved In a water quality sltuaj:lon and to see how the decision making , 
process works when questions of water quality are Involved,. Particular emphasis 
is placed on tradM)f f s Involved In any analogous xeal-llfe situation. 
' It -Is assumed that the students pattlclpating In this exercise have a 
adequate knowledge of water pollution, •the'^actors that affect it,- laws 
governing watep: quality and technolpgical 'solutions to water pollution. 

The Roles are: ^ 

Meniers of the Board of Directors; ^ * 

Their objectives are: To produce a pro<!l<!Lct at minimum cost and sell 

large amounts ^f a product in order to realize J.arge profits 
and stock dividends. . , ^. , ' 

• ■ ■ \ - 

■ . . ^ ■ . I * . ■ 

MembeVs of Local Environment Group; 

I ■ . . ' ' ' ^ . '\ ■ 

'ft > • • -» 

Their objectives are: To maintain water and land quality as pearly 
possible in their natural conditiojis* 
General Public: ^ , • ' ^ 

Their objectives} are: Tb have a high standard of living (a good job and 
low ppr^es) and maintain local recreational facilities. ' 
News Mj^ia; , ^ ' . . ^ 

TheiV objectives are: To publicize the issues and stands of the conflicting 

J' 

(Jarties and conduct informal polls of the public^ 
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The Gaiae: 

>• :. ' u " ' 

To begin the game a situation must be developed • iia advan<;e by the .teacher, 

'preferably one with local significance. The situation may Include; for-;^: 

example, the building of a new addition to a local food processing plant 

or the boud issue necessary for a new sewage treatment plant. 

Approximately 'three students^, depending on the class sire, are chosen 

as Manbers of ;:he Board of Directors of the /company and aife in favor of the 

r-. ■ • • ■ . • ' ^ 

move. Tl\ey will be given Information concex:ning the cost b£ the building, 
the cost of .treating any waste products, the amount of waste expected and 
the type .of waste and the economic Impact of the building on the community 

* • ' ^ \ -^r / 

(the number of jobs created, per capita income increases, etc.)^ ^ 
A like group of students will be chosen as Environmentalists, ^hese 
»will be g^.ven informatiotr regarding the envi?:onmental impact of the building 

and the costs of maintaining the area in question in it»s natural state or 
. modifying It for recreational uses. 

i^'^^lmi^lar group Will be choseii ,.as representatives of the media, who will 
report on any^inf ormation giveh by the two faciy,js^ns and^urvey the pul^li^. 
It may be desirable tlo work put some sort of credit system whereby the 
groups may "buy" timelon the media. s 

' " The remainder of \the. class is the general public, who will vote at the 
end of the session to lecide the issue.* they may be 'acting as themselves, 
as if judging a debate, or be given specific roles to'play. For example, 
one student' cquld play the i)art of a 47 year old worker who is employed by the 
(Company in question, vho has an aniiual income of $14,000, ^as four children 
^nd whose favorite hobby is, fishing. \ The student would then be expected to 
vote as if he was the person described , and could be asked to give hla 
reasons for the way he votefl, * ^ 
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The Directors and Environmentalists should be given the necessary 
information in advance o£ the £irst session so they will have time to prepare 
presentations. These presentations might include posters, slides, £ilms or 
other means of information dissemination. 

The game itself has five ee^erate sections which may vary In length of 
time depending on the size of the class, the complexity of the issue and the 
time available. 
Part I: Setting the Problem 

I»A sh^^j|j^ahnouncefflent by the Board of Directors outlining the proposed 

prpject and the beneiEits the community will secure, 

A ;3hort announcement by the Environmentalists outlialj^g^iih^ir position, 
-^4rt Uj Campaigning ^ % 

Each faction tries using whatever means they choose to influence the public 
to support their view, -The newspeople can podt news 'leaks' on -the 
black board as they occur and conduct an infqirmal survey of public ^ 
opinion, " . ] 

part III: Clarification > 

The Newsmedia produce the results of * their ^diifviy and analyze the positions 
of the opposing sides, ' 

Part IV: Final Arguments ' 

The Environmentalists present further data supporting their* position, 
they do not necessarily have to be dire.ctly opposed to the move by the 
company but could Juat be pushing Jor some modification of the existing 
plan. The Directors make their final statement, • ' 

Part V J Voting . . » V 

A general show of hands determines the outcome o% the discussion. 
Several situations may be invented ^o that eac1i student has a chance 
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to play several of the roles. 
Note:^ This Is Intended to be merely a working outline or Idea sheet. It 

Is expected that the classroom teacher will make whatever modifications he 
or she deems necessary. 

The types of situations which may be used as the focal point of the 
discussions Is also purposely left* vague so that the teacher, perhaps with the 
help of a group or groups of students, can prepare situations that are locally 

/ 

relevant. / 

In. conjunction with this exercise It might be possible to visit a city 
council meeting where environmental Issues are being discussed or to have meobers 
of the community who participate in the decision mckklng process of the community 
come to address the^class,* 

* 

Alternatives: 

Should the teacher find that role playing is Inapproplrate for his or 
her class there are other methods useful In clarifying decision making and 
environmental values. 

Some of these alternative' exercises Include: 

Having the students , Individually or In groups, design advertising 

- r 

campaigns In support of some environmental principle. These may 
Include posters, news releases, scripts for panel discussion or any 
other method of communication that Is aimed primarily at the affective 
rather than the cognitive doma|.n. 

Having the students write poems or even plays whlchi deal with some 
environmental Issues • 
There are other' materials which allow the student to g^aln a feel for the 
decision making process* in government and an appreciation of some lof *. the 
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values inherent in environmental questions. These include the HUNTINGTON II 
simulation, P(S:.SYS , and such board games as ECO-ACRES and THE POLLUTION GAME 
among others. The section on these (see Resources) may, of coursi, be used in 
any combination with both POLUT an<i/or the role playing scheme. The most 
Important point is thatithe teacher feels the activities fulfills the 
classroom objective he or she has set for the class. 
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Re sources 



These bpard games, which may be of use, are obtainable from the following 
places: / • . . 

ECO^CRES; Educational Services Division of the Maine Public Broadcasting 
Network, • • . 

EXTINCTICN, University of Michigan, School of Life Sciences. 

0 - ^* , ■ 

THE PLANET M^NAGEMENT GAMl, Educational Resear^ Courfcil America; 

published by Houghton Mifflin Company, Boston, Massachusetts. ^ 

THE POLLUTICN GAME, Educational Research Council of America; published 
by Houghton Mifflin Company, Boston, Massachusetts. 
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